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He-scattering at incident proton kinetic energies T
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using a realistic three-body
wave function of the
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He nucleus. It is found that the np pair transfer mechanism
dominates owing to a rich high momentum component of the
3
He wave function. We
show that the experimental cross section of this process is dened mainly by the values
of the Faddeev component of the
3






), at high relative
momenta q
23
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 0:1 GeV/c. The spin-spin correlation parameter is calculated in the
framework of the dominating mechanism for the case of polarized target and beam.
Rescatterings in the initial and nal states are taken into account. Comparison with
the pd! dp process is performed.
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He nuclei at initial proton kinetic energies about
of 1 GeV, the experimental data on these processes contain in principle an information
on the structure of the lightest nuclei at short NN-distances in the region of nucleon
overlap, r
NN
 1=  0:5fm. However theoretical analysis performed most carefully
in the simplest case of the backward elastic pd scattering [1] - [6], has not yet given
quantitative results on the deuteron structure at short relative distances between the
neutron and the proton, in particularly, on relativistic [6] and NN

- components [5] of
the deuteron wave function. It seems likely that this fact is connected to the extremely
small binding energy of the deuteron. As a result the high momentum component of the
deuteron wave function is not rich enough to dominate in the amplitude of the process
pd ! dp. On the contrary, mechanisms resulting in excitation of nucleons inside the
deuteron due to interaction with an incident beam give a signicant contribution to the
cross section of the pd ! dp process [1]-[4]. The
3
He nucleus as a more compressed
system diers essentially from the deuteron and consequently one can obtain interesting





The cross section of backward elastic p
3
He-scattering at the kinetic energy of
incident proton T
p
> 1 GeV displays three remarkable peculiarities [7, 8]. (i) In the





it is the so-called sequential transfer (ST) of the noninteracting np-pair (Fig.1). The
contribution from the mechanisms of nonsequential transfer (NST), interacting np-pair
transfer (IPT) and deuteron exchange is negligible. In Refs. [9] -[11] the heavy particle
stripping ( et id. two-nucleon transfer) was also investigated and found to be important
at back angles for T
p
 0:6 GeV. However the phenomenological
3
He wave functions
restricted to the two-body conguration, which does not permit ST-mechanism were
used in that analysis. The other group of papers [12, 13] based on the microscopic
optical potential constructed using antisymmetrized pN -amplitudes gives a qualitative
explanation of a rise of the cross section at backward angles at energies T
p
 0:6 GeV
without taking into account the heavy particle stripping mechanism. An application
of that method at higher energies T
p
> 1GeV is very complicated due to lack of the
experimental information about the elastic formfactor of
3
He in the relevant region









He wave function plays the most important role in
the np-pair transfer mechanism. This channel corresponds to the orbital momentum
L = 0, spin S = 0, isotopic spin T = 1 of two nucleons with numbers 2 and 3 and the
orbital momentum l = 0 of the nucleon spectator denoted by the number 1. If this






, the cross section
falls by several orders of magnitude. (iii) Rescatterings in the initial and nal states




considerably in comparison with the Born




Owing to this evident connection between the structure of
3
He nucleus and the
2
Figure 1: The np-pair transfer mechanisms of the backward elastic p
3
He-scattering
denoted as 0 + (123) ! 1 + (023): a { sequential transfer (ST), b { nonsequential
transfer (NST), c { interacting pair transfer (IPT).









dominating mechanism one can hope to obtain an information about high momentum
components of the
3





process. However, in Refs. [7, 8] it was mentioned that the D-components of
3
He
wave function are of surprisingly minor importance in the process under discussion at
T
p
> 1 GeV. Moreover, relativistic eects estimated in Ref. [8] at T
p
 1 GeV by
means of substituting the relativistic arguments into the
3
He wave function instead
of the nonrelativistic ones give rather small contribution to the cross section. For this





section to the high momentum components of the
3
He wave function is rather weak
in spite of high momenta transferred at T
p
> 1 GeV. Moreover, as was found in [15],





related to the  - and double -excitation is in qualitative agreement
with the absolute value of the experimental cross section at T
p
> 0:5 GeV.











> 1 GeV is determined mainly by the high momentum








), associated with the
relative momentum q
23
. On the other hand, rather low values of the "spectator"
momentum p
1
are involved in the amplitude of this process. The cross section is
calculated also in framework of the OPE mechanism. The relative contribution of the
OPE mechanism to the cross section is found to be small in comparison with the np-
pair transfer mechanism. We show that this result is directly connected to the high
momentum component presented in the
3
He wave function. It is shown also that due
to rescatterings in the initial and nal states the cross section calculated with the OPE
mechanism is an order of magnitude lower in comparison with the experimental data.
The paper is organized in the following way. Some elements of the formalism for the
np-pair transfer mechanism and the OPE amplitude are presented in the next section.
The formulas for the
3
He charge formfactor are also derived there for the channel  = 1
of the three-body wave function of
3
He and for the d + p conguration. Numerical
results and discussions are given in the section 3. The detail formulas for the np-
transfer mechanism in the S-wave approximation are presented in the Appendix with
the analytical gaussian parametrization of the wave function and the corresponding
numerical parameters are given there.
2 Formalism
2.1 np-pair transfer mechanism
The total formalism for the np-pair transfer mechanism of the backward elastic p
3
He-
scattering was developed in detail in Refs. [7, 8]. We use here this formalism in the
particular case of the S-wave component of the
3
He wave function.
In the Born approximation the amplitude of transfer of two nucleons with numbers



























































) is the Faddeev component of the wave function of the





) is the spin { isotopic spin wave function of the incident
(nal) proton; L
23












is the proton mass, " is the
3
He
binding energy. The subscripts i and f in Eq.( 1) refer to the initial and nal nucleus





















correspond to the IPT, ST and NST
mechanisms respectively. In the explicit form the ST mechanism has the following































































) is the momentum of incident (nal) proton in the c.m.s of the nal
(initial)
3





four momenta in Eq.(2) can simultaneously become equal to zero at integration over
q
23
. On the contrary, in the corresponding formulas for the IPT and NST mechanisms





j (see Appendix). This makes the ST term dominate in Eq.(1). Indeed,
the ST mechanism takes place only if the channels with the isotopic spin T = 1 of the
pair of nucleons fijg are included into the component '
ij
(ij; k) either in the initial or
nal state. It is the direct consequence of the fact that the ST diagram in Fig.1, a
either starts with or ends in the pp-interaction. The
3
He wave function from Ref. [14]




state of the NN-pair. In
the S-wave approximation for the
3
He wave function the cross section decreases by 5-6
orders of magnitude for T
p
> 1 GeV if the channel  = 1 is excluded [16]. The channels
with  6= 1 corresponding to the isotopic spin T = 0 of the NN-pair (in particularly,
the D-components) can enter the ST-amplitude only in combination with the channel
 = 1. For this reason the role of those channels is not so signicant.
Since the contribution of the interacting pair transfer mechanism is insignicant [8]
we will discuss here only the amplitude of noniteracting pair transfer (NPT) which is
the sum of ST and NST amplitudes, IPT=ST+NST. On the basis of the formalism
[8] the spin structure of the NPT amplitude in the S-wave approximation for the
3
He







































































) = 0 for (
0
) = 1 and S(S
0
) = 1 for (
0



























































































































































































































































are expressed by the momenta of
























) is the momentum of the initial (nal)
3
He nucleus and p(p
0
) is the
momentum of the initial (nal) proton in the p+
3
He c.m.s.
Performing summation over the channels ; 
0






















































































































































































mechanism. The amplitude T
B











the connection of this amplitude with the cross section is given in the next section by
Eq.(19). The total wave function of the
3



















2.2 Spin-spin correlation parameter
The spin-spin correlation parameter  is calculated here as an additional test of the





Hep with polarized beam and target.







 are the cross sections for parallel and antiparallel
spins of colliding particles, respectively. From Eq. (9) follows that the sum of ST




































































































2.3 The OPE mechanism
An obvious modication of the formalism of the triangular OPE diagram from Ref.
[4] is used here for the OPE amplitude. According to common rules of the diagram







































































is the momentum, T
i
is the kinetic energy and m
i
is the mass of the i-th
intermediate particle (proton or deuteron); k and  are the 4-momentum and mass of
the virtual - meson, respectively. In Eq.(18) the summation refers to the spin states
of the intermediate deuteron (
d
) and proton (
p
). The invariant amplitude A of the
process ab! cd in Eq. (18) is related to the corresponding dierential cross section in



















is the square of the invariant mass of the system a + b, q
ij
is the relative
momentum in the system i+ j. The amplitude of the virtual decay
3











































' 1:5 is the spectroscopic factor of
3
He








Hejd; p > is the overlap integral between the
3
He wave function 	
m


























































































here S = 3=2 for L = 2 and S = 1=2 for L = 0. The spherical functions Y
LM
and
Clebsh-Gordan coecients are used in Eq.(23) in the standard notations. The S  and
D components of the wave function U
L
(r) in Eq. (23) were obtained in Ref.[21] by
numerical solution of the Faddeev equations with the NN-interaction in the form of
















dr = 1: (24)
Actually the three-body calculations for the normalization integral (24) give the value
0.43 [22]. Consequently the contribution of the OPE diagram in Fig. 2 is overestimated
by the condition given in Eq.(24). However there are no experimental data at present
8



















are equal to each other, the normalization condition in Eq. (24)
eectively takes into account the contribution of the p+ d

conguration with pn-pair
in the singlet state.



















































































For the cuto parameter 

in the monopole NN formfactor dened by Eq.(27) the
value 

= 0:65 GeV/c is used here [24, 23].
As is shown numerically in the next section, the contribution of the D-component to
the OPE cross section is negligible. In the S-wave approximation for the
3
He! d+ p




Hep process can be expressed through the


















































































































































































































is the total energy, p
p
0




the kinetic energy of the secondary proton in the laboratory system.
Rescatterings in the initial and nal states for the OPE mechanism are taken into
account here in the line of work [8] on the basis of Glauber-Sitenko theory. According
to Ref. [8], the amplitude A
dist
fi





Hep process can be related to corresponding amplitude in the Born
approximation A
B


























































































+ q;p  q): (33)




describe the elastic pp  and p
3
He  forward
scattering, respectively. The last three terms in Eq. (33) take into account rescatterings
in the intial, nal state and simultaneously in the initial and nal states, respectively.




























where q is the momentum transferred in pN -scattering, k
pN
is the wave vector of the
nucleon in the p + N c. m. s., 
N




are the phenomenological parameters tted to the experimental data on pN -
scattering [26]. Using the gaussian form for the
3
He density and Eq. (34) one gets an




















is the the wave vector of the nucleon in the p +
3







are expressed analytically through parameters of pN -scattering amplitude
(34) and the oscillator radius of the gaussian form for the
3
He nucleus density [27].
Three terms in Eq. (35) correspond to single, double and triple scattering of the
incident proton from nucleons of the
3
He nucleus. Since the OPE amplitude in the






































in Eq.(33) are performed exactly in analytical form. In this case the
factorization like in Eq. (36) does not occure.
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was dened by Eq.(18) and the distortion factor has the
form






































are dened in Eqs. (34,35).
2.4 The charge formfactor of
3
He























































is the Pauli matrix for the z-projection of the nucleon isotopic spin, r
i
is the
coordinate of the i-th nucleon, f
N
ch
(y) is the distribution of the nucleon charge density,
























is the transferred momentum. As was mentioned above, in the backward
elastic p
3
He-scattering the main contribution gives the channel  = 1 of the Faddeev
wave function '
23
. The following expression can be obtained for the charge formfactor
of the
3











































































In the framework of the d+p-conguration for the
3
He nucleus given by Eqs. (23) and





















































































































() are the scalar and quadrupole formfactors of the deuteron (see, for





3 Numerical results and discussions
Numerical calculations for the np-pair transfer mechanism are performed here using
the
3
He wave function obtained in Ref.[14] from the solution of Faddeev equations












-states. The separable analytical parametrization from Ref.[28] is used here for
the spatial part 

of the Faddeev component of the
3
He wave function in Eqs.(3),(12),




















is the numerical constant [28]. The functions '(q) and (p) in Eq.(45) are
















dp = 1: (46)




(q) and the S-component of the deuteron
wave function, u(q), for the RSC potential [29] are shown in Fig.3. The results of
calculation of the dierential cross section are shown in Figs.4-9 in comparison with
the experimental data [15].
The numerical results demonstrate the following important features of the process







He wave function in the channels  = 1 and  = 2 is
probed at high momenta q
23
> 0:6GeV when the cross section is measured at T
p
> 1















> 0:6GeV=c and diers considerably
from it for smaller momenta q
23














) at small spectator momenta p
1
 0  0:1GeV/c and are negligible
for p
1










(q) from Ref.[28], the S-component of the









in the text. 1 { '
2
1

















The same as in Fig.3,a but 1 { 
2
1













(q); the curves 2 and 4 in




Figure 4: The dierential cross section of elastic p
3





a function of the incident proton kinetic energy T
p
. Curves 1-3 show the results of
calculation in the Born approximation for the amplitude in Eq. (1): 1 { with the
3
He






































experimental points are taken from Ref.[15]
the full functions f

(here f = ' or f = ) are shown in Fig.4 by curves 2. One can









). In contrast, as one can see from Fig.4 (curves 3), the cross section












is 5-6 orders of magnitude
smaller for  = 1 and 4-6 times smaller for the channel  = 2. Obviously the channel
 = 1 of the
3








Second, the above result demonstrates also that the ST mechanism uses rather low
"spectator"-momenta p
1




). This feature makes the
ST mechanism dominate. The qualitative explanation of these results is following. One
















are satised. Consequently, the main contribution into the integral over
dq
23






















insignicant role since for T
p




> 0:6 GeV. This
question is discussed in detail in the Appendix on the basis of the analytical expression
for the np-transfer amplitude in the S-wave approximation.





(), is shown in Fig. 5 by curve 2. Curve 3 in Fig. 5 shows the
result for F
ch





















). One can see from this picture that the relative contribution of
the channel  = 1 is maximal at transferred momenta  > 1:5 GeV/c, but it is an
order of magnitude smaller in comparison with the full result shown by curve 1 in













dominating in the cross section of the backward elastic p
3
He-scattering, is negligible
at all transferred momenta. Obviously it is connected to the fact that at high values
 the charge formfactor F
ch
() involves the high momentum components of the
3
He
wave function associated both with the relative momentum q
23
and the momentum p
1
.
Third, we have found numerically that the contribution of the OPE mechanism
without taking into account rescatterings is in agreement with the experimental data
at T
p





Figure 5: The charge formfactor of the
3
He nucleus calculated in the impulse approxi-
mation using duerent assumptions about the
3
He wave function. Curve 1 { from [28]
with the three-body wave function of the
3
He nucleus; curve 2 { with only one channel





















); curve 4 { with the d+ p conguration in Eqs.(23), (24). The circles
( ) are experimental data from [19].
the Born approximation is by factor  20   30 larger than the OPE contribution at
T
p
> 0:8 GeV (curve 1 in Fig.6).
The numerical results show that in the interval of initial energies 0.5- 2.5 GeV the
contribution of the D-wave of the d + p channel of the
3
He wave function to the
OPE amplitude is very small in comparison with the S-wave contribution. In fact the





































































(r) describing the relative motion in the channel
3
He! d+ p according to Eq.





























Figure 6: The same as in Fig.4 but curves show the results of calculcalition with OPE
and np-pair transfer mechanisms: 1 { Born approximation for the amplitude in Eq. (1)
with the
3
He wave function from [28] , 2 { the same as curve 1 but with the deuteron
w.f. u(q
23








); 3 { the same as curve 1 but with allowance
for rescatterings in the initial and nal states; 4 { OPE in the Born approximation, 5
{ OPE with rescatterings.








are given in Table 1. The d+ p-conguration
of the
3
He nucleus described by Eqs. (23, 24) seems reasonable enough for the eval-
uation of the OPE amplitude because this conguration approximates the
3
He charge
formfactor properly in the wide region of transferred momenta  = 0  1:5GeV=c
(Fig.5).
Taking into account rescatterings in the initial and nal states we nd that the
cross section calculated with OPE mechanism decreases by one order of magnitude
and becomes considerably lower than the experimental data (see Fig. 6). The cross




Hep process for T
p
< 1GeV is likely to be dened mainly by
the multistep pN -scattering mechanisms discussed in Refs.[12, 13] including the heavy
stripping mechanism [9] -[11] also. We stress that the high momentum components of
the functions '

in Eq.(45) play the most important role in the competition between
the OPE and ST mechanisms. One can see from Fig.3, (a), that the high momen-
tum component of the functions '

(q) is richer in comparison with the deuteron wave
function u(q), especially for q > 0:5 GeV/c. This is a direct consequence of the fact
that the
3
He nucleus is more compact as compared with the deuteron. To compare
with the pd-scattering, we performed the calculation of the ST cross section with the
S-component of the deuteron wave function u(q) in Eq.(45) instead of the function
18







versus the kinetic energy of the initial proton T
p
. The curves show the
results of calculations with the relativistic relative momenta in the vertices d! np and
3
He! f23g+ p: curves 1 and 2 are taken from Ref. [5] for the pd! dp process in the
framework of the nucleon exchange mechanism with RSC wave function of deuteron;




Hep for np-pair transfer mechanism. Dashed
lines (1 and 4) are the Born approximation, full lines (2 and 3) take rescatterings into





) for  = 1; 2. As it seen from curve 2 in Fig. 6, in this case the ST cross section




) and close to the OPE cross
section in the Born approximation. Note in this connection that in the pd ! dp pro-
cess the contribution of the neutron exchange mechanism in the Born approximation
is not dominating [31] for T
p
> 1GeV and comparable with the OPE mechanism [4, 5].
This is one of reasons for a very nontrivial problem which arises when one attempts to
extract a denite information about the high momentum components of the deuteron
wave function from the experimental data on the pd! dp process.
In Fig.7 the cross sections of the elastic pd- and p
3
He-scattering are compared




as a functions of the initial energy T
p
.





Hep process decreases more rapidly than the pd ! dp cross section. The
reason for this is the dierence between the deuteron and
3
He masses. Owing to this




in Eq. (8) for the np-pair transfer mechanism
19
Figure 8: The same as in Fig.7, but versus the relative momentum in the vertices
d ! n + p and
3
He ! f23g + p. The curves show the results of calculations in the
Born approxmation for the neutron exchange in the pd! dp process ( curve 1), and for




Hep (curves 2 - 4): 2 { with the
3
He wave function from Ref. [28], 3 { with the deuteron wave function u(q) instead of
'
1









Hep process increases with growing T
p
essentially faster ( both
in the nonrelativistic and relativistic kinematics) than the relative momentum q
pn
in
the vertex d ! p + n of the pole diagram of the neutron exchange for the pd ! dp
process. The results of calculations of these cross sections in the Born approximation
are presented in Fig. 8 versus the relative momentum q
pn
(for the pd ! dp process)









One can see from this gure that, in contrast to the T
p
-dependence, with increasing
q the pd! dp cross section as a function of the internal relative momentum q decreases




Hep cross section. These cross sections are equal to
each other at the relative momentum  0:6GeV/c, which corresponds to the kinetic
energy T
p
= 2:65GeV in the pd! dp process and T
p





process. With increasing the momenta up to q  1GeV/c the cross section of the





cross section. At this point the kinetic energy of incident proton equals to 9.3 GeV
in pd  and 2.8 GeV in p
3
He  collision. As it seen from Fig.8, after substitution of
















(curves 1 and 3) according to Ref. [8] and nonrelativisic momenta from Eq. (8) (curves
2 and 4): 1,2 { Born approximation; 3,4 { with rescatterings taken into account.
The above performed comparison shows that an experimental investigation of the
backward elastic p
3
He scattering at energies of incident protons T
p
 2:5GeV can
give the unique information about the o-energy shell NN-interaction which might be
reached in the pd  collision only at more high initial energies  9 GeV.


















) dened by Eq. (79) in Ref.[8]. The results of
calculations are shown in Fig. 9. As it seen from this gure, a such replacement turns
out to be insignicant up to the initial energy T
p
 1 GeV, in spite of enough large




 0:6 GeV/c at this energy for




. With increasing the energy above 1 GeV the rela-
tivistic result for the cross section becomes considerably higher than the nonrelativistic
one, thus at T
p
= 3 GeV the corresponding dierence





takes the value 1.05 GeV/c. The relation between the relativistic and
nonrelativistic result is not changed by the rescatterings. Therefore, in complete future
analysis of this process one should take into account relativistic eects in a consistent
way. Note, that in the present work the agreement with experiment is better for the
nonrelativistic calculations than for the relativistic ones. Perhaps, it is connected to
21






fubction of ju  u
max
j. Full curves show the results of calculations taking into account
rescatterings in the initial and nal states for dierent energies of the incident proton
(GeV) shown near the curves; the dashed curve is the Born approximation for 1.5 GeV
the fact that the RSC wave function [14] is used here for the
3
He nucleus. The
RSC potential provides for the wave functions of the lightest nuclei too intensive high
momentum components in comparison with other realistic potentials like the Paris
potential (see, for example, [35]).
The numerical results for the parameter  obtained with allowance for two channels
 = 1 and  = 2 in the
3



















 1  2:5 GeV the value  is about  0:1  0:15 independently of the initial energy.
Rescatterings in the initial and nal states modify the form of angular dependence but




. The similar behaviour displays
the spin averaged cross section [8].
4 Conclusion
The question about a presence of nonnucleon degrees of freedom in the structure of
the lightest nuclei at short NN-distances can be reformulated in other words in the
following way. Up to what maximal values of relative momenta between nucleons
inside a nucleus does the latter demonstrate the properties of the system which consists
22
of nucleons with frozen internal degrees of freedom interacting by means of realistic
NN-potentials dened from the NN-phase shifts data?
In this work the remarkable sensitivity of the cross section of backward elastic p
3
He-
scattering to the high momentum components of the
3
He wave function in the S-wave
channel is found for energies above 1 GeV. The total dominance of nucleon degrees
of freedom in the
3
He nucleus is demonstrated at these kinematical conditions. It is
shown that the backward elastic p
3
He-scattering advantageously diers in this respect
from the backward elastic pd-scattering. Some arguments are given to show that this




Hep process is connected with the high momentum component
of the
3
He wave function, which is more intensive in comparison with the deuteron
wave function. Since the mechanism of the np-pair transfer describes the available
experimental data in the interval of incident energies 0.9-1.7 GeV satisfactorily, there
is a reason to measure the cross section at higher energies in order to enlighten the
validity of phenomenological NN-potentials in describing the structure of lightest nuclei
at high relative momenta of nucleons.
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Here are presented the formulas for the amplitude of the np-pair transfer taking into
account the rst two channels  = 1; 2 in the
3
He wave function. The function
given by Eq.(45) was approximated in [28] by the sum of Yukawa terms. Using the



























with the coecients given in Table 2. These coecients were found by means the








calculated in the interval Q = 0  13fm
 1







from Ref. [28] on the one side and with the gaussian parametrization in Eq. (48) on
the other side.
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1.80112E-02 2.15766 E-02 -1.93862E-03 9.83826 E-02
2.13255E-01 8.35379 E-02 -1.58838 E-02 3.18527 E-01
9.00237E-02 1.27578 E-01 -3.11061 E-02 6.43963 E-01
3.23190E-01 3.26778 E-01 -3.83184 E-02 1.19183 E+00
-2.17017E-01 1.06206 E+00 -9.57312 E-02 4.47721 E+00























2.413615 5.535106 4.20690 7.62335
-1.299993 E-01 1.060713 E-01 2.59354 2.37678
1 4.118231 E-02 4.555083 E-03 4.8189 E-01 9.18116 E-01
1.762614 E-00 1.611916 E+00 -2.45993E-02 1.60613 E-01
7.491376 E-01 5.466668 E-01 5.21600 E-03 1.40849 E-02
-4.00000 E-02 4.526665 E-03 -5.67292 E-03 1.03918 E-02
-3.451822 E-02 5.023824 E-02 2.17920 E-03 7.19787 E-03
-2.54039 6.55162 6.51121 9.38385
-1.93783 1.74914 2.59354 3.04139
2 -7.74249 E-01 5.72939 E-01 5.45100 E-01 1.22803
1.12706 E-01 1.15040 E-01 -2.40357 E-02 1.85314 E-01
3.09857 E-02 5.11790 E-02 1.56646 E-03 1.84247 E-02
-6.4000 E-03 3.94752 E-02 -2.61864 E-03 1.03918 E-02
1.18765 E-03 6.58383 E-03 2.17920 E-03 9.12018 E-03
Using the gaussian parametrization for the functions '(q) and (p) we nd the






















































































































































































In Eq.(50-51) the summation over the indices i; j; k; l refers to the expansions in

















;  =  
3
4


























) the expression in


































One can nd the following three conditions for which the absolute magnitude of


















































in Eq.(50) is large according to Table 2 which gives
































































in Eq.(50) are small (see Table 2).
It is obvious, that only in the case A) the exponent takes the minimal value which

































Note that using the harmonic oscillator translationally-invariant shell model wave function for the
3




. In this case the positive term B
2
=D in the exponent of Eq.(50), which moderates the
decrease of the amplitude with increasing Q
0
, vanishes for the ST mechanism ( B
2
=D = 0). As a
result, the ST mechanism reduces to the deuteron exchange mechanism.
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Due to an additional term in the square brackets in the numerator on the right hand
side of Eq. (55) the exponent for the NST mechanism is always larger in absolute
value than the exponent for the ST mechanism. For this reason the contribution of the
NST mechanism to the cross section is considerably smaller in comparison with the ST
mechanism.

















































































. This means that the main contribution to the IPT
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